Note on EDX analysis: Note that that the identification of the elements in EDX spectra using the instrument software was different in different spectra of different spots on the same film, for example one spectrum of the thin as-prepared Ni 0.6 Fe 0.4 -Bi) 10mC identified only the Fe peak and a second spectrum showed only the Ni peak. In another example, EDX spectrum of anodized Ni 0.6 Fe 0.4 -Bi) 400mC did not show the Fe peak, but only the Ni peak, while EDX of as-prepared Ni 0.6 Fe 0.4 -Bi) 400mC showed both Ni and Fe peaks, and while Fe was detected in the ultra-thin anodized Ni 0.6 Fe 0.4 -Bi) 1mC film as shown in the spectrum in (F). EDX analysis is used only to show the detection of the elements Ni and Fe, and could not be used to assess inclusion of Fe from traces in the electrolyte in Ni-Bi films prepared without intentional Fe co-deposition, nor for quantitative determination of Ni:Fe ratios even at thicker films deposited at 400 mC/cm 2 . Films are denoted relative to ratios of Ni:Fe during co-electrodeposition. progressive increase in OER activity and decrease in overpotential with multiple scanning of potential (contrasted to the fast increase in OER activity when 0.16 mM Fe 3+ was added to the electrolyte, or the absence of this increase in OER activity with multiple scanning when 0.16 mM Al 3+ was added to the electrolyte). For clarity, the number of CVs (13-63) refers to the CVs acquired at 100 mV/s before each scan at 10 mV/s and the 3 CVs at the scan rates 20, 50, and 100 mV/s. The inset shows the anodic shifts in the Ni(OH) 2 /NiOOH peaks and the decreases in charges in consecutive scans.
SI.7
SI.9 CVs (repeated 6-times) were acquired at 100 mV/s, showing the decrease in OER activity in the presence of Al 3+ with subsequent potential scanning. To be compared to the result in Figure SI .8 in the absence of Al 3+ addition. For clarity, the number of CVs (13-63) refers to the CVs acquired at 100 mV/s before each scan at 10 mV/s and the 2 CVs at 20 and 50 mV/s before adding Al 3+ and 1 CV at 10 mV/s after adding Al 3+ . The inset shows the anodic shifts in the Ni(OH) 2 /NiOOH peaks and the decreases in charges in consecutive scans.
SI.11 Figure SI.12 Cyclic voltammograms of Ni-Bi) 1mC film as first scan in 1 M KBi before and immediately after addition of 0.08 mM Al 3+ and 0.08 mM Fe 3+ , and then CVs acquired at 10 mVs after 10 CVs were acquired at 100 mV/s repeated 6 times in the same solution. Scan rate is 10 mV/s. The inset shows the anodic shifts in the Ni(OH) 2 /NiOOH peaks and the decreases in charges in consecutive scans in the presence of 0.08 mM Al 3+ and 0.08 mM Fe 3+ . The number of CVs refers to the total number of CV scans acquired at 100 mV/s.
SI.13
Comparison of OER activity to literature reports and discussion:
The activity of ultra-thin Ni-Bi and NiFe-Bi films was compared to thin Ni-Bi films on planar substrates and to 3-dimensional Ni-Bi films reported in the literature. At ultra-thin films in this study, the Tafel plots onset started at higher overpotential than reported thin Ni-Bi films, but both the onset of the Tafel region and the overpotential that yielded a current density of 1 mA/cm 2 shifted to lower overpotential with increasing Ni coverage. A current of 1 mA/cm 2 was measured at 430-440 mV at Ni-Bi) 1mC , at ca. 420 mV at Ni-Bi) 10mC , and at 399-404 mV at Ni-Bi- nmol Ni/cm 2 ). 32 The latter Ni content is closer to Ni-Bi) 1mC here (~3 nmol/cm 2 ) but the TOF at 400 mV was ca. 0.1 s -1 and was 0.13 s -1 at 409 mV in 1 M KBi, and the TOF equaled 0.23 s -1 at 411 mV at Ni 0.6 Fe 0.4 ) 1mC , lower than reported. Boettcher et al. reported at Ni-Bi deposited by passing 10 mC/cm 2 a TOF of 0.38 s -1 at 400 mV after conditioning (14% Fe found), but only SI.14 0.03 s -1 in Fe-free electrolyte at 400 mV; while they reported a TOF of 0.24 s -1 before conditioning for films with co-deposited Fe, and 1.4 s -1 after conditioning (with 1.1 e per Ni). 35 The CVs show that 1 mA/cm 2 was measured at ~420 mV (estimated from Figure 1 On the other hand, recently reported 3D nanoarrays for instance of NiBi, Ni-Co-Pi, and NiFe-Bi yielded significantly greater currents at lower overpotential, 49-54 for example, 10 mA/cm 2 was reported at 363 mV at 3D NiFe-LDH@NiFe-Bi in 0.5 M KBi, 50 and a Ni-Bi nanoarray on carbon cloth was reported to drive 10 mA/cm 2 at 470 mV in 0.1 KBi. 54 These films contained significantly greater amounts of Ni (loading in the mg range loading, or µmol/cm 2 ), and yielded Tafel slopes of 100-200 mV/dec and lower TOF. [49] [50] [51] [52] [53] [54] Detailed results of these recently reported nanostructured films are as follows: 1) Bimetallic Ni-substituted cobalt borate nanowire array on carbon cloth (of 3.8 µm thickness, Ni-Co-Bi loading of 2.1 mg/cm 2 ) required 388 mV to deliver 10 mA/cm 2 , but the TOF was 0.33 s -1 at 500 mV, and 0.2 s -1 at 450 mV, and the Tafel slope was 142 mV/dec. 49 2) 3D nanoarray of NiFe-borate layer on NiFelayered double hydroxide on carbon cloth required only 444 mV or 363 mV in 0.1 M and 0.5 M
